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Abstract
In the present paper we shall extend the gauge principle so that it will enlarge the original
algebra of the Abelian gauge transformations found earlier in our studies of tensionless
strings to the non-Abelian case. In this extension of the Yang-Mills theory the vector
gauge boson becomes a member of a bigger family of gauge bosons of arbitrary large
integer spins. The invariant Lagrangian does not contain higher derivatives of tensor
gauge fields and all interactions take place through three- and four-particle exchanges
with dimensionless coupling constant. The extended gauge theory has the same index of
divergences of its Feynman diagrams as the Yang-Mills theory does and most probably
will be renormalizable. The proposed extension may lead to a natural inclusion of the
standard theory of fundamental forces into a larger theory in which vector gauge bosons,
leptons and quarks represent a low-spin subgroup of an enlarged family of particles with
higher spins. I analyze the masses of the new tensor gauge bosons, their decay and
creation processes in the extended standard model.
1Dedicated to the 50th anniversary of the Yang-Mills theory[1].
1 Introduction
It is well understood, that the concept of local gauge invariance allows to define the non-
Abelian gauge fields, to derive their dynamical field equations and to develop a universal
point of view on matter interactions as resulting from the exchange of gauge quanta
of different forms [1, 2]. The fundamental forces - electromagnetic, weak and strong
interactions can successfully be described by the non-Abelian Yang-Mills fields. The
vector-like gauge particles - the photon, W±, Z and gluons mediate interaction between
smallest constituents of matter - leptons and quarks [3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14,
15, 16, 17, 18, 19, 20, 21, 22] .
The non-Abelian local gauge invariance, which was formulated by Yang and Mills in[1],
requires that all interactions must be invariant under independent rotations of internal
charges at all space-time points2. The gauge principle allows very little arbitrariness:
the interaction of matter fields, which carry non-commuting internal charges, and the
nonlinear self-interaction of gauge bosons are essentially fixed by the requirement of local
gauge invariance, very similar to the self-interaction of gravitons in general relativity.
It is therefore appealing to extend the gauge principle, which was elevated by Yang
and Mills to a powerful constructive principle [1], so that it will define the interaction of
matter fields which carry not only non-commutative internal charges, but also arbitrary
half-integer spins. It seems that this will naturally lead to a theory in which fundamental
forces will be mediated by integer-spin gauge quanta and that the Yang-Mills vector gauge
boson will become a member of a bigger family of tensor gauge bosons.
Today there is no experimental evidence of the existence of such new particles at the
energy scale of order of few hundred GeV. But the standard string theory predicts the
existence of fundamental particles of arbitrary large spins and masses of the order of the
Planck mass scale, while the multiplicity of these particles grows exponentially.
Alternatively, in the tensionless string theory with perimeter action, the number of
fundamental particles with large spins grows linearly [29, 30]. In this respect the number
of states in the perimeter model is much less compared with the standard string theory
and is larger compared with the field theory models of the Yang-Mills type. From this
point of view it is therefore much closer to the quantum field theory rather than to the
standard string theory and the main question which we would like to address in this article
is whether one can formulate the corresponding field theory [30].
In the present paper we shall extend the gauge principle so that it will enlarge the orig-
inal algebra of the Abelian local gauge transformations found in [30] to the non-Abelian
case and will allow to unify into one multiplet particles with arbitrary large spins. The
proposed generalization may lead to a natural inclusion of the standard theory of fun-
damental forces into a larger theory in which standard particles (vector gauge bosons,
leptons and quarks) represent a low-spin subgroup of an enlarged family of particles with
higher spins. The conjectured extension of the fundamental forces can in principle be
checked in future experiments.
It is important to note that the literature on higher-spin fields is enormous and I shall
not attempt to give a comprehensive review of it here. The early investigation of higher-
spin representations of the Poincare´ algebra and of the corresponding field equations is
due to Majorana, Dirac and Wigner[34, 35, 37]. The theory of massive particles of higher
2The early formulation of the Abelian gauge invariance of the quantum electrodynamics was given in
[23, 24, 25, 26, 27] (see also [28]).
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spin was further developed by Fierz and Pauli [36] and Rarita and Schwinger [38]. The
Lagrangian and S-matrix formulations of free field theory of massive and massless fields
with higher spin have been completely constructed in [39, 40, 41, 42, 43, 44, 45, 46, 47].
The problem of introducing interaction appears to be much more complex. There is a
large amount of publications devoted to the self-interaction of higher-spin fields [48, 49,
50, 51, 52, 53, 60]. The main idea is to introduce self-interaction using iterations: starting
from the free quadratic Lagrangian for the higher-spin field one should introduce a cubic,
quadratic and higher-order terms to the free Lagrangian and then check, whether the so
deformed algebra of the initial group of transformations (65) still forms a closed algebraic
structure. This program was able to reproduce successfully general relativity, but met
enormous difficulties for spin fields higher than two [54, 55, 56, 57]. There is also important
development of interacting field theories in anti-de Sitter space-time background, which
is reviewed in [58, 59].
The first positive result in this direction was the light-front construction of the cubic
interaction term for the massless field of helicity ±λ in [61, 62]. As it was mentioned
by the authors, it was important to generalize their construction to higher-order vertices
in order to see, whether the theory is fully consistent. They also stressed that there
are λ derivatives in the cubic interaction vertex, the coupling constant has dimension
of [mass]1−λ and that the dimensional coupling constant would be difficult to handle
in quantum theory because the index of divergence r = λ− 1 is not equal to zero. This
result of Lars Brink and his collaborators raised expectations that a consistent interacting
theory might exist in flat space-time.
In our approach the gauge fields are defined as rank-(s+ 1) tensors
Aaµλ1...λs(x), s = 0, 1, 2, ...
and are totally symmetric with respect to the indices λ1...λs. A priory the tensor fields
have no symmetries with respect to the first index µ. This is an essential departure
from the previous considerations, in which the higher-rank tensors were totally symmetric
[36, 39, 44, 46]. The index s runs from zero to infinity. The first member of this family
of the tensor gauge bosons is the Yang-Mills vector boson Aaµ.
The fermions are defined as Rarita-Schwinger tensor-spinors [38]
ψαλ1...λs(x)
with mixed transformation properties of Dirac four-component wave function (the index
α denotes the Dirac index) and are totally symmetric tensors of the rank s over the
indices λ1...λs. All fields of the {ψ} family are isotopic multiplets belonging to the same
representation σ of the semisimple Lie group G (the corresponding indices are suppressed).
The bosonic matter is defined as totally symmetric Fierz-Pauli rank-s tensors [36]
φλ1...λs(x)
all belonging to the same representation τ of the semisimple Lie group G.
We shall enlarge the global transformation group of the matter fields in a way which
has been found in [30] (expression (64) in [30]). The extended isotopic transformation of
the fermion fields is defined as (34)
δξψ(x) = −iξ(x) ψ(x),
δξψλ1(x) = −iξ(x) ψλ1(x),−iξλ1(x) ψ(x)
............. . .....................................,
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where the infinitesimal group parameters ξλ1...λs(x) = σaξ
a
λ1...λs
(x) are totally symmetric
rank-s tensors and are the matrices of the corresponding representation σija of the semisim-
ple Lie group G. As one can check, the extended isotopic transformations form a closed
algebraic structure:
[ δη, δξ] ψλ1λ2...λs = i δζψλ1λ2...λs.
The transformation of the bosonic matter fields φλ1...λs(x) is defined in the same way
(42)3.
The extended non-Abelian gauge transformations of the tensor gauge fields are defined
by the following equations (9), (10), (27):
δξAµ = ∂µξ − ig[Aµ, ξ],
δξAµλ1 = ∂µξλ1 − ig[Aµ, ξλ1]− ig[Aµλ1 , ξ],
..............................,
where the tensor gauge fields are in the matrix representation Aabµλ1...λs = (Lc)
abAcµλ1...λs =
ifacbAcµλ1...λs, and L
a are the generators of the semisimple Lie group G in the adjoint
representation. Because the infinitesimal gauge parameters ξbλ1...λs are totally symmetric
rank-s tensors, the extended gauge transformation leaves the symmetries of the tensor
fields intact. These extended gauge transformations generate a closed algebraic structure.
To see that, one should compute the commutator of two extended gauge transformations
δη and δξ of parameters η and ξ. The commutator of two transformations can be expressed
in the form
[ δη, δξ] Aµλ1λ2...λs = − ig δζAµλ1λ2...λs
and is again an extended gauge transformation with the gauge parameters {ζ} which are
given by the matrix commutators (11) (30)
ζ = [η, ξ]
ζλ1 = [η, ξλ1] + [ηλ1 , ξ]
...... . ..........................
The first three terms of the invariant Lagrangian have the following form (4), (32), (33):
L = L1 + g2L2 + ... = −1
4
GaµνG
a
µν + g2{−
1
4
Gaµν,λG
a
µν,λ −
1
4
GaµνG
a
µν,λλ } + ...,
where the first term is the Yang-Mills Lagrangian, the second and the third ones describe
the tensor gauge fields Aaµν , A
a
µνλ and g2 is the new coupling constant. The generalized
field strengths in this expression are defined as (5),(6):
Gaµν,λ = ∂µA
a
νλ − ∂νAaµλ + gfabc( Abµ Acνλ + Abµλ Acν ),
Gaµν,λρ = ∂µA
a
νλρ − ∂νAaµλρ + gfabc( Abµ Acνλρ + Abµλ Acνρ + Abµρ Acνλ + Abµλρ Acν ),
...... . ............................................
and transform homogeneously with respect to the extended gauge transformations. The
field strength tensors are antisymmetric in their first two indices and are totaly symmetric
3The representations can be different for {ψ} and {φ} families.
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with respect to the rest of the indices. By induction the entire construction can be
generalized to include tensor fields of any rank s.
It is important that: i) the Lagrangian does not contain higher derivatives of tensor
gauge fields and that ii) all interactions take place through the three- and four-particle
exchanges with dimensionless coupling constant iii) the extended gauge transformations
do not define the coupling constant g2.
The coupling constant g2 remains arbitrary because every term in the sum is separately
gauge invariant and the extended gauge symmetry alone does not define it. The immediate
conclusion which can be drawn from above properties is that the extended gauge theory
will have the same index of divergences of its Feynman diagrams as the Yang-Mills theory
does and most probably will be renormalizable. The other conclusion is that the second-
rank tensor gauge field Aaµν , which in our theory is an arbitrary nonsymmetric tensor
Aaµν 6= Aaνµ, does not directly coincide with the graviton, because it is a charged gauge
field and it has different gauge symmetries and interactions.
As a next step we shall introduce the gauge invariant interaction of the tensor gauge
bosons with the higher-rank fermion and boson matter fields. The invariant Lagrangian
for fermions has the form (39)
LF = ψ¯(i 6∂ + g 6A)ψ + ψ¯λ(i 6∂ + g 6A)ψλ + ....
and for bosons (46)
LB = ∇µφ+ ∇µφ+∇µφ+λ ∇µφλ + g2φ+AµλAµλφ+ ....
The proposed gauge invariant theory of interacting higher-spin particles leads to a
natural inclusion of the standard model of fundamental forces into a larger theory in
which standard particles (vector gauge bosons, leptons and quarks) represent a low-spin
subgroup of an enlarged family of particles with higher spins. The conjectured extension of
the fundamental forces can in principle be checked in future experiments. This possibility
is explored in the following sections.
In the second section we shall outline the derivation of the pure Yang-Mills theory,
the transformation properties of the gauge fields, the definition of the corresponding field
stress tensor and expression for the invariant Lagrangian. Necessary matrix notations are
also introduced.
In the third section we shall introduce the tensor gauge fields of the second rank
together with their extended gauge transformation properties and shall prove that these
transformations form a closed algebraic structure. The corresponding generalization of
the field stress tensor will also be defined. We shall present the invariant Lagrangian for
the second-rank tensor gauge fields and derive their classical field equations. In section
four this construction will be extended to include tensor gauge fields of the third rank.
In the fifth section we shall present the general construction for the tensor gauge fields of
arbitrary rank s.
In the sixth section we shall incorporate into the theory the fermions of half-integer
spins. We shall construct the gauge invariant Lagrangian describing interaction of the
tensor gauge fields with half-integer spin fermions. In the seventh section this construction
will be extended to include scalar fields and integer-spin bosonic matter. The Higgs
mechanism will be extended to generate masses of the tensor gauge bosons.
In the eighth and ninth sections a tensor extension of the strong and electroweak
theories will be suggested. I analyze the masses of the new tensor gauge bosons, their
5
decay and creation processes in the extended standard model. Section ten contains the
generalization of the non-Abelian transformations to totally symmetric tensor gauge fields.
Section eleven contains some concluding remarks.
2 Yang-Mills Fields
The dynamics of the vector potential describing spin-1 Yang-Mills quanta Aaµ is given by
the Lagrangian [1]:
L1 = −1
4
GaµνG
a
µν , (1)
where
Gaµν = ∂µA
a
ν − ∂νAaµ + gfabc Abµ Acν . (2)
It is invariant with respect to the non-Abelian gauge transformations:
δAaµ = (δ
ab∂µ + gf
acbAcµ)ξ
b. (3)
The invariance of the Lagrangian L1 can be demonstrated if one derives the transformation
property of the field strength Gaµν induced by the transformation law (3) of the gauge
potential Aaµ. Indeed, using definition of G
a
µν in (2) and the property of the structure
constant fabc one can get
δGaµν = gf
abcGbµνξ
c
and therefore
δL1 = −1
2
Gaµν δG
a
µν = −
1
2
Gaµν gf
abcGbµνξ
c = 0.
It is also useful to introduce matrix representation for the gauge fields Aabµ = A
c
µ(L
c)ab =
ifacbAcµ, where L
a are the generators of the semisimple Lie group G :
[La, Lb] = ifabcLc,
where the structure constants fulfil the Jacobi identity faedf bdc + f bedf cda + fadbf ced = 0.
The unitary transformation matrix is equal to U(ξ) = exp(igξ), where ξ = Laξa. In the
adjoint representation (Lb)ac = ifabc, and the covariant derivative will take the form
∇abµ = (∂µ − igAµ)ab.
The gauge transformation can be represented also in a matrix form
δAµ = ∂µξ − ig[Aµ, ξ],
as well as the field strength
Gµν = ∂µAν − ∂νAµ − ig[Aµ Aν ].
Finally the classical field equations are:
∇abµ Gbµν = 0.
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3 Second-Rank Tensor Gauge Fields
In order to describe rank-two quanta we shall introduce tensor gauge field Aaµν together
with the higher-tensor gauge field Aaµνλ, which is symmetric with respect to the last two
indices Aaµνλ = A
a
µλν . Using these fields we shall define the Lagrangian as
L2 = −1
4
Gaµν,λG
a
µν,λ −
1
4
GaµνG
a
µν,λλ , (4)
where I have introduced the corresponding new field strengths of the form
Gaµν,λ = ∂µA
a
νλ − ∂νAaµλ + gfabc( Abµ Acνλ + Abµλ Acν ) (5)
and
Gaµν,λρ = ∂µA
a
νλρ − ∂νAaµλρ + gfabc( Abµ Acνλρ + Abµλ Acνρ + Abµρ Acνλ + Abµλρ Acν ). (6)
As one can see, the extended field strength tensors (5) and (6) contain not only tensor
gauge fields of the corresponding order, but also lower-rank tensor gauge fields. The field
strength Gaµν,λ contains in addition to the tensor field A
a
µν the vector field A
a
µ. The field
strength Gaµν,λρ contains in addition to the tensor field A
a
µνλ the vector field A
a
µ and the
second-rank tensor gauge field Aaµν . It is obvious from these expressions that without
lower-rank tensor gauge fields it would be impossible to construct the above higher-rank
field strength tensors. The extended field strength tensors are antisymmetric in their first
two indices and are totaly symmetric with respect to the rest of the indices:
Gaµν,λ = −Gaνµ,λ, Gaµν,λρ = −Gaνµ,λρ, Gaµν,λρ = Gaµν,ρλ . (7)
One can also represent the field strengths in a matrix form:
Gµν,λ = ∇µAνλ −∇νAµλ ,
Gµν,λρ = ∇µAνλρ −∇νAµλρ − ig[Aµλ Aνρ]− ig[Aµρ Aνλ]. (8)
We have to prove that the Lagrangian L2 is invariant under extended gauge transfor-
mations which I shall define as follows:
δAaµ = (δ
ab∂µ + gf
acbAcµ)ξ
b,
δAaµν = (δ
ab∂µ + gf
acbAcµ)ξ
b
ν + gf
acbAcµνξ
b,
δAaµνλ = (δ
ab∂µ + gf
acbAcµ)ξ
b
νλ + gf
acb(Acµνξ
b
λ + A
c
µλξ
b
ν + A
c
µνλξ
b). (9)
In addition to the standard gauge parameter ξa in this transformation law we have in-
troduced new higher-rank gauge parameters: the vector ξaµ and the totally symmetric
second-rank tensor ξaµν . This transformation respects the symmetry properties of the
third rank gauge field Aµνλ = Aµλν
4.
First let us prove that a commutator of two of extended gauge transformations can
be expressed as a similar gauge transformation, and therefore extended gauge transfor-
mations (9) form a closed algebraic structure. To make the calculation more transparent
4The extension of the gauge transformations (9) to totally symmetric higher-rank tensor gauge fields
is presented in the tenth section.
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let us express the transformation law (9) in a matrix form:
δξAµ = ∂µξ − ig[Aµ, ξ]
δξAµν = ∂µξν − ig[Aµ, ξν]− ig[Aµν , ξ]
δξAµνλ = ∂µξνλ − ig[Aµ, ξνλ]− ig[Aµν , ξλ]− ig[Aµλ, ξν ]− ig[Aµνλ, ξ], (10)
where Aµν = A
a
µνL
a, Aµνλ = A
a
µνλL
a and ξ = Laξa. The commutator of two gauge
transformations acting on a second-rank tensor gauge field is:
[δη, δξ]Aµν = δη (−ig[Aµ, ξν ]− ig[Aµν , ξ])−
− δξ (−ig[Aµ, ην ]− ig[Aµν , η])
= −ig { ∂µ([η, ξν] + [ην , ξ])− ig[Aµ, ([η, ξν] + [ην , ξ])]− ig[Aµν , [η, ξ]] }
= −ig { ∂µζν − ig[Aµ, ζν]− ig[Aµν , ζ ] } = −ig δζAµν
and is again a gauge transformation with gauge parameters ζa, ζaµ which are given by the
following expressions:
ζ = [η, ξ], ζν = [η, ξν ] + [ην , ξ].
The commutator of two gauge transformations acting on a rank-3 tensor gauge field is:
[δη, δξ]Aµνλ = δη (−ig[Aµ, ξνλ]− ig[Aµν , ξλ]− ig[Aµλ, ξν]− ig[Aµνλ, ξ])
− δξ (−ig[Aµ, ηνλ]− ig[Aµν , ηλ]− ig[Aµλ, ην ]− ig[Aµνλ, η])
= −ig{ ∂µ([η, ξνλ] + [ην , ξλ] + [ηλ, ξν ] + [ηνλ, ξ])
− ig[Aµ, ([η, ξνλ] + [ην , ξλ] + [ηλ, ξν ] + [ηνλ, ξ])]
− ig[Aµν , ([η, ξλ] + [ηλ, ξ])]− ig[Aµλ, ([η, ξν] + [ην , ξ])]− ig[Aµνλ, [η, ξ]]}
= −ig { ∂µζνλ − ig[Aµ, ζνλ]− ig[Aµν , ζλ]− ig[Aµλ, ζν]− ig[Aµνλ, ζ ] } = δζAµνλ,
where
ζ = [η, ξ], ζν = [η, ξν] + [ην , ξ], ζνλ = [η, ξνλ] + [ην , ξλ] + [ηλ, ξν ] + [ηνλ, ξ]. (11)
The fact that our extended gauge transformations form a closed algebra is essentially based
on a specific set of tensor fields and on the fact that the tensor Aµν does not have any
restrictions on its symmetry properties and therefore belongs to a reducible representation
of the Poincare´ algebra. As it is well known, this phenomena also takes place in the case
of Dirac equation, where the wave function belongs to a reducible representation.
The invariance of the Lagrangian L2 can be proved by realizing that the extended
gauge transformations induce the transformation of the new field strengths of the form
δGaµν,λ = gf
abc( Gbµν,λξ
c +Gbµνξ
c
λ ),
δGaµν,λρ = gf
abc( Gbµν,λρξ
c +Gbµν,λξ
c
ρ +G
b
µν,ρξ
c
λ +G
b
µνξ
c
λρ ). (12)
One can establish this transformation law for the field strengths Gaµν,λ and G
a
µν,λρ by direct
calculation using the definition of the field strengths (5), (6), the transformation laws for
the tensor gauge fields (9),(10) and the Jaboci identity, which holds for matrices. Now
we can prove the invariance of the Lagrangian L2. Indeed, its variation is
δL2 = − 1
2
Gaµν,λgf
abc(Gbµν,λξ
c +Gbµνξ
c
λ)−
1
4
gfabcGbµνξ
cGaµν,λλ
− 1
4
Gaµνgf
abc(Gbµν,λλξ
c + 2Gbµν,λξ
c
λ +G
b
µνξ
c
λλ) = 0.
8
The two terms in the above expression are equal to zero because they are symmetric in
Lorentz indices and are antisymmetric in group indices, like the terms Gaµν,λgf
abcGbµν,λξ
c
and Gaµνgf
abcGbµνξ
c
λλ. The other four terms show delicate cancellation, like terms of the
form Gaµν,λgf
abcGbµνξ
c
λ and gf
abcGbµνξ
cGaµν,λλ. This follows from the antisymmetric nature
of the group structure constants fabc.
In order to describe the interaction of the Yang-Mills boson and the rank-2 gauge
boson system one should add the Yang-Mills Lagrangian L1 to L2. This yields
L = L1 + g2L2 = −1
4
GaµνG
a
µν + g2{−
1
4
Gaµν,λG
a
µν,λ −
1
4
GaµνG
a
µν,λλ}. (13)
Both terms are invariant with respect to the extended gauge transformations (9). It is
important that i) the Lagrangian does not contain higher derivatives of higher-rank gauge
fields, as it was suggested in different approaches to the higher-spin field theories, and that
ii) all interactions take place through three- and four-particle exchanges iii) the extended
gauge transformations do not define the coupling constants g2. The coupling constant g2
remains arbitrary because every term in the sum is separately gauge invariant and the
extended gauge symmetry alone does not define it.
The immediate conclusion which can be drawn from above properties is that the
extended gauge theory will have the same degree of divergence of its Feynman diagrams
as the Yang-Mills theory does and most probably will be renormalizable. The other
conclusion is that the second-rank tensor gauge field Aaµν , which in our theory is an
arbitrary nonsymmetric tensor Aaµν 6= Aaνµ, does not directly coincide with the graviton,
because it is a charged gauge field and it has different gauge symmetries and interactions.
We shall discuss this question also in the tenth section.
Let us now consider the equations which follow from this Lagrangian. The equations
of motion that follow for the Yang-Mills fields will be modified by additional terms which
we can obtain by variation of the full action (13) with respect to the gauge field Aaµ:
∇abµ Gbµν + g2(gfacbAcµλGbµν,λ +
1
2
gfacbAcµλλG
b
µν +
1
2
∇abµ Gbµν,λλ) = Jaν .
The first term represents the classical Yang-Mills operator, whereas the rest of the terms
represent the modification of the Yang-Mills equations by the higher-rank gauge fields.
One should also derive the new field equations varying the action with respect to the
second-rank gauge field Aaµν
∇abµ Gbµν,λ + gfacbAcµλGbµν = Jaνλ.
Remarkably enough, the variation of the action with respect to the third-rank gauge field
Aaµνλ will give the Yang-Mills equations
∇abµ Gbµν = Jaνλλ.
The Lagrangian L1 + g2L2 contains the third-rank gauge fields Aaµλλ, but without
corresponding kinetic terms, therefore they play mostly the role of the auxiliary fields. In
order to make the fields Aaµνλ dynamical, we shall proceed introducing the corresponding
kinetic term, which should be quadratic in the field derivatives. With that aim we shall
further generalize the gauge transformations for the higher-rank gauge fields in the next
section.
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4 Third-Rank Tensor Gauge Fields
In order to describe dynamics of the third-rank gauge field Aaµνλ we shall introduce ad-
ditional tensor gauge fields Aaµνλρ and A
a
µνλρσ. These tensors are totally symmetric with
respect to the indices νλρ and νλρσ respectively, but have no symmetries with respect to
the permutations of the first index µ. Using these gauge fields we shall define the action
as:
L3 = −1
4
Gaµν,λρG
a
µν,λρ −
1
8
Gaµν,λλG
a
µν,ρρ −
1
2
Gaµν,λG
a
µν,λρρ −
1
8
GaµνG
a
µν,λλρρ , (14)
where the new field strengths for the tensor gauge fields are
Gaµν,λρσ = ∂µA
a
νλρσ − ∂νAaµλρσ + gfabc{ Abµ Acνλρσ + Abµλ Acνρσ + Abµρ Acνλσ + Abµσ Acνλρ +
+Abµλρ A
c
νσ + A
b
µλσ A
c
νρ + A
b
µρσ A
c
νλ + A
b
µλρσ A
c
ν }
and
Gaµν,λρσδ = ∂µA
a
νλρσδ − ∂νAaµλρσδ + gfabc{ Abµ Acνλρσδ +
∑
λ↔ρ,σ,δ
Abµλ A
c
νρσδ + (15)
+
∑
λ,ρ↔σ,δ
Abµλρ A
c
νσδ +
∑
λ,ρ,σ↔δ
Abµλρσ A
c
νδ + A
b
µλρσδ A
c
ν },
where the terms in parenthesis have been symmetrized over λρσ and λρσδ respectively.
The extended field strength tensors are antisymmetric in their first two indices µ, ν and
are totally symmetric with respect to the rest of the indices:
Gaµν,λρσ.... = −Gaνµ,λρσ...., Gaµν,λρσ.... = Gaµν,ρλσ.... = .....
We shall prove that the Lagrangian L3 is invariant under the extended gauge trans-
formation which we shall define for the fourth-rank gauge field as
δξAµνλρ = ∂µξνλρ − ig[Aµ, ξνλρ]− ig[Aµν , ξλρ]− ig[Aµλ, ξνρ]− ig[Aµρ, ξνλ]− (16)
−ig[Aµνλ, ξρ]− ig[Aµνρ, ξλ]− ig[Aµλρ, ξν ]− ig[Aµνλρ, ξ]
and for the fifth-rank tensor gauge field as
δξAµνλρσ = ∂µξνλρσ − ig[Aµ, ξνλρσ]− ig
∑
ν↔λρσ
[Aµν , ξλρσ]− (17)
−ig ∑
νλ↔ρσ
[Aµνλ, ξρσ]− ig
∑
νλρ↔σ
[Aµνλρ, ξσ]− ig[Aµνλρ, ξ],
where the gauge parameters ξνλρ and ξνλρσ are totally symmetric rank-3 and rank-4 ten-
sors. These gauge transformations preserve the symmetries of the gauge fields, because
the r.h.s are symmetric with respect to the indices νλρ and νλρσ. One should be con-
vinced that this transformation again forms a closed algebra. The commutator of two
gauge transformations acting on a rank-4 gauge field is:
[δη, δξ]Aµνλρ = δη (−ig[Aµ, ξνλρ]− ig
∑
ν↔λρ
[Aµν , ξλρ]− ig
∑
νλ↔ρ
[Aµνλ, ξρ]− ig[Aµνλρ, ξ])
− δξ (−ig[Aµ, ηνλρ]− ig
∑
ν↔λρ
[Aµν , ηλρ]− ig
∑
νλ↔ρ
[Aµνλ, ηρ]− ig[Aµνλρ, η])
= −ig { ∂µζνλρ − ig[Aµ, ζνλρ]− ig
∑
ν↔λρ
[Aµν , ζλρ]− ig
∑
νλ↔ρ
[Aµνλ, ζρ]− ig[Aµνλρ, ζ ] }
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and is equivalent to the extended gauge transformation with the gauge parameters of the
form
ζ = [η, ξ], ζν = [η, ξν] + [ην , ξ], ζνλ = [η, ξνλ] + [ην , ξλ] + [ηλ, ξν ] + [ηνλ, ξ],
(18)
ζνλρ = [η, ξνλρ] +
∑
ν↔λρ
[ην , ξλρ] +
∑
νλ↔ρ
[ηνλ, ξρ] + [ηνλρ, ξ] .
The commutator of two gauge transformations acting on rank-5 gauge field is again equiv-
alent to a gauge transformation with the gauge parameters:
ζνλρσ = [η, ξνλρσ] +
∑
ν↔λ↔ρ↔σ
( [ην , ξλρσ] + [ηνλ, ξρσ] + [ηνλρ, ξσ] ) + [ηνλρσ, ξ]. (19)
One can express all commutators of extended gauge transformations acting on a tensor
gauge fields in the form
[δη, δξ]Aµνλρσ = −ig δζAµνλρσ , (20)
where ζ is given by the expressions (18) and (19).
The extended gauge transformation of the higher rank tensor gauge fields (16) and
(17) induces the gauge transformation of the fields strengths of the form
δGaµν,λρσ = gf
abc( Gbµν,λρσ ξ
c +Gbµν,λρ ξ
c
σ +G
b
µν,λσ ξ
c
ρ +G
b
µν,ρσ ξ
c
λ + (21)
+Gbµν,λ ξ
c
ρσ +G
b
µν,ρ ξ
c
λσ +G
b
µν,σ ξ
c
λρ +G
b
µν ξ
c
λρσ )
and
δGaµν,λρσδ = gf
abc( Gbµν,λρσδ ξ
c +
∑
λρ,σ↔δ
Gbµν,λρσ ξ
c
δ + (22)
+
∑
λρ↔σ,δ
Gbµν,λρ ξ
c
σδ +
∑
λ↔ρ,σ,δ
Gbµν,λ ξ
c
ρσδ +G
b
µν ξ
c
λρσδ).
Using the above homogeneous transformations for the field strengths it is easy to demon-
strate the invariance of the Lagrangian L3 with respect to the extended gauge transfor-
mations in full analogy with the calculations of the previous section.
In the Lagrangian L3 the third-rank tensor gauge field is dynamical and the fields Aaµ,
Aaµν , A
a
µνλρ and A
a
µνλρω are not. To make the lower-rank gauge fields dynamical one should
add the corresponding low-order Lagrangians, thus
L = L1 + g2L2 + g3L3, (23)
where g2 and g3 are new coupling constants. The tensor gauge fields Aµνλρ and Aµνλρσ
remain auxiliary.
The last two sections provide a clear hint how to proceed with the extension of the
above construction. Therefore our intention in the next section will be to give a general
formulation of the extended gauge transformation for the arbitrary tensor gauge fields, to
define the corresponding field strengths and the invariant Lagrangian. This will complete
the formulation of the extended gauge principle for arbitrary tensor gauge fields.
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5 Non-Abelian Tensor Gauge Fields
In a general case we shall consider tensor gauge fields Aaµλ1...λs of the rank s + 1, which
are totally symmetric with respect to the indices λ1...λs, but a priory have no symmetries
with respect to the first index µ. The corresponding field strength we shall define by the
following expression:
Gaµν,λ1...λs = ∂µA
a
νλ1...λs
− ∂νAaµλ1...λs + gfabc
s∑
i=0
∑
P ′s
Abµλ1...λi A
c
νλi+1...λs
, (24)
where the sum
∑
P ′s runs over all permutations of two sets of indices λ1...λi and λi+1...λs
which correspond to nonequal terms. All permutations of indices within two sets λ1...λi
and λi+1...λs correspond to equal terms, because gauge fields are totally symmetric with
respect to λ1...λi and λi+1...λs. Therefore there are
s!
i!(s− i)!
nonequal terms in the sum
∑
P ′s. Thus in the sum
∑
P ′s there is one term of the form
AµAνλ1λ2...λs, there are s terms of the form Aµλ1Aνλ2...λs and s(s− 1)/2 terms of the form
Aµλ1λ2 Aνλ3...λs and so on.
In the above definition of the extended gauge field strength Gaµν,λ1...λs, together with
the classical Yang-Mills gauge boson Aaµ, there participate the set of higher-rank gauge
fields Aaµλ1 , A
a
µλ1,λ2
, ... , Aaµλ1...λs up to the rank s+ 1. By construction the field strength
(24) is antisymmetric with respect to its first two indices
Gaµν,λ1...λs = − Gaνµ,λ1...λs (25)
and is totally symmetric with respect to the rest of the indices λ1...λs
Gaµν,..λi...λj.. = G
a
µν,..λj ...λi..
, (26)
where 1 ≤ i < j ≤ s. The extended gauge transformation of the fields we shall define by
the formula
δAaµλ1...λs = (δ
ab∂µ + gf
acbAcµ)ξ
b
λ1λ2...λs
+ gfacb
s∑
i=1
∑
P ′s
Acµλ1...λiξ
b
λi+1...λs
, (27)
where the infinitesimal gauge parameters ξbλ1...λs are totally symmetric rank-s tensors. The
summation
∑
P ′s is again over all permutations of two sets of indices λ1...λi and λi+1...λs
which correspond to nonequal terms. It is obvious that this transformation preserves the
symmetry properties of the tensor gauge field Aaµλ1...λs. Indeed, the first term in the r.h.s.
is a covariant derivative of the totally symmetric rank-s tensor ∇abµ ξbλ1λ2...λs and every term∑
P ′sA
c
µλ1...λi
ξbλi+1...λs in the second sum is totally symmetric with respect to the indices
λ1λ2...λs by construction. The matrix form of the transformation has the form:
δξAµλ1...λs = ∂µξλ1λ2...λs − ig[Aµ, ξλ1λ2...λs]− ig
s∑
i=1
∑
P ′s
[Aµλ1...λi, ξλi+1...λs]. (28)
As we demonstrated in the cases of lower-rank gauge fields, the extended gauge trans-
formations form a closed algebra. This remains true in the general case as well. Indeed,
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the commutator of two extended infinitesimal gauge transformations can be expressed in
the form
[ δη , δξ] Aµλ1λ2...λs = − ig δζ Aµλ1λ2...λs , (29)
where the gauge parameters {ζ} are given by the symmetric commutators of two gauge
parameters of the form (18),(19):
ζλ1λ2...λi =
i∑
j=0
∑
P ′s
[ ηλ1...λj , ξλj+1...λi ] , i = 0, 1, ...s (30)
and the sum
∑
P ′s runs over all nonequal permutations of two sets of indices λ1...λj and
λj+1...λi (see Appendix).
The inhomogeneous extended gauge transformation (27) induces the homogeneous
gauge transformation of the corresponding field strength (24) of the form
δGaµν,λ1...λs = gf
abc
s∑
i=0
∑
P ′s
Gbµν,λ1...λiξ
c
λi+1...λs
. (31)
The symmetry properties (25) and (26) of the field strength Gaµν,λ1...λs remain invariant in
the course of this transformation.
The polygauge invariant Lagrangian now can be formulated in the form
Ls+1 = −1
4
Gaµν,λ1...λs G
a
µν,λ1...λs + .......
= −1
4
2s∑
i=0
asi G
a
µν,λ1...λi
Gaµν,λi+1...λ2s
∑
p′s
ηλi1λi2 .......ηλi2s−1λi2s , (32)
where the sum
∑
p runs over all permutations of indices λ1...λ2s which correspond to
nonequal terms. For the low values of s = 0, 1, 2, ... the numerical coefficients
asi =
s!
i!(2s− i)!
are: a00 = 1; a
1
1 = 1, a
1
0 = a
1
2 = 1/2; a
2
2 = 1/2, a
2
1 = a
2
3 = 1/3, a
2
0 = a
2
4 = 1/12; and
so on. In order to describe fixed rank-(s + 1) gauge field one should have at disposal all
gauge fields up to the rank 2s+1. In order to make all tensor gauge fields dynamical one
should add the corresponding kinetic terms. Thus the invariant Lagrangian describing
dynamical tensor gauge bosons of all ranks has the form
L =
∞∑
s=1
gsLs , (33)
where gs (s = 1, 2, ...) are new coupling constants.
As in the case of the Yang-Mills theory [1], the Feynman diagrams here have three
elementary types of vertices. The ”primitive divergences” are also in a finite number,
because the superficial degree of divergence d for Feynman diagrams with NB bosonic
and NF fermionic external lines is d = −D−22 NB − D−12 NF +D. The index of divergence
r = D−2
2
b+ D−1
2
f + δ −D of the interaction Lagrangian Lint ∼ g(∂)δ(φ)b(ψ)f is equal to
zero for all vertices. Here D is dimension of the space-time, b - number of boson fields,
f - number of fermion fields and δ is the number of space-time derivatives in Lint. The
conclusion which can be drawn from this property is that the extended gauge theory has
the same degree of divergence of its Feynman diagrams as the Yang-Mills theory does and
most probably will be renormalizable in its general form.
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6 Interaction of Fermions
In this section we shall introduce gauge invariant interaction of the tensor gauge fields
with higher-rank fermion fields representing matter. We shall use the Rarita-Schwinger
spin-tensor fields ψαλ1,...,λs, where α is a spinor index and λ1, ..., λs are vector indices.
Tensors are totally symmetric with respect to the indices λ1, ..., λs. The transformation
of the fermions under the extended isotopic group we shall define by the formulas [30]
δξψ = −iσaξaψ,
δξψλ = −iσa(ξa ψλ + ξaλ ψ),
δξψλρ = −iσa(ξa ψλρ + ξaλ ψρ + ξaρ ψλ + ξλρ ψ), (34)
........ . .......................,
where σa are the matrices of the representation σ of the semisimple Lie group G, according
to which all ψ′s are transforming. The general form of the above transformation is:
δξψλ1...λs(x) = −i
s∑
i=0
∑
P ′s
ξλ1...λi ψλi+1...λs(x), s = 0, 1, 2, ..., (35)
where we are using the same notations as in the previous section. The transformation
properties of the covariant derivatives are:
δξ∇µψ = −iξµ∇ψ,
δξ∇µψλ = −iξ∇µψλ − iξλ∇µψ − i∇µξλ ψ,
δξ∇µψλρ = −iξ∇µψλρ − iξλ ∇µψρ − iξρ∇µψλ − iξλρ∇µ ψ
−i∇µξλ ψρ − i∇µξρ ψλ − i∇µξλρ ψ, ... (36)
........... . .......................,
where we are using the matrix notation for the gauge fields Aµ = σ
aAaµ and gauge pa-
rameters ξ = σaξa. In this section we shall redefine the gauge parameters ξ → −1
g
ξ, thus
U(ξ)→ exp(−iσaξa) and
δξAµ = −1
g
(∂µξ − ig[Aµ, ξ]),
δξAµν = −1
g
(∂µξν − ig[Aµ, ξν ]− ig[Aµν , ξ]) (37)
and so on.
The invariant Lagrangian for spin-1/2 matter is
L1/2 = ψ¯γµ(i∂µ + gσaAaµ)ψ = ψ¯(i 6∂ + g 6A)ψ. (38)
To describe the dynamics of the spin-vector field ψµ we shall introduce additional rank-2
spin-tensor ψµν . The invariant Lagrangian has the form:
L3/2 = ψ¯λγµ(i∂µ + gAµ)ψλ + 1
2
ψ¯γµ(i∂µ + gAµ)ψλλ +
1
2
ψ¯λλγµ(i∂µ + gAµ)ψ
+ gψ¯λγµAµλψ + gψ¯γµAµλψλ +
1
2
gψ¯γµAµλλψ . (39)
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We have to prove that the Lagrangian is invariant under simultaneous extended gauge
transformations of the fermions and tensor gauge fields. It is easier to use compact
notations in order to simplify algebraic computations:
L3/2 = ψ¯λ(i 6∂ + g 6A)ψλ + 1
2
ψ¯(i 6∂ + g 6A)ψλλ + 1
2
ψ¯λλ(i 6∂ + g 6A)ψ
+ gψ¯λ 6Aλψ + gψ¯ 6Aλψλ + 1
2
gψ¯ 6Aλλψ, (40)
where 6∂ = γµ∂µ, 6A = γµAµ, 6Aλ = γµAµλ and 6Aλλ = γµAµλλ.
The variation of the first three terms of the Lagrangian results in the expression
δL3/2(I + II + III) = 1
2
ψ¯(6∂ξλλ− ig[6A, ξλλ])ψ+ ψ¯(6∂ξλ− ig[6A, ξλ])ψλ+ ψ¯λ(6∂ξλ− ig[6A, ξλ])ψ
and of the forth and fifth terms to
δL3/2(IV + V ) = −ψ¯(6∂ξλ − ig[6A, ξλ])ψλ − ψ¯λ(6∂ξλ − ig[6A, ξλ])ψ − igψ¯[6Aλ, ξλ])ψ ,
finally the variation of the last term gives
δL3/2(V I) = −1
2
ψ¯( 6∂ξλλ − ig[6A, ξλλ]− 2ig[6Aλ, ξλ])ψ,
therefore the total variation is equal to zero, δL3/2 = 0.
The currents are given by the variation of the action over the tensor gauge fields:
Jaµ = g{ψ¯σaγµψ + ψ¯λσaγµψλ +
1
2
ψ¯λλσ
aγµψ +
1
2
ψ¯σaγµψλλ},
Jaµν = g{ψ¯σaγµψν + ψ¯νσaγµψ},
Jaµλρ =
1
2
gψ¯σaγµψ ηλρ. (41)
As one can see from the Lagrangian (39) the interaction of tensor fermions with tensor
gauge bosons is going through the cubic vertex which includes two fermions and a tensor
gauge boson, very similar to the vertices in QED and the Yang-Mills theory.
7 Interaction of Bosonic Matter and Symmetry Breaking
We are in a position now to introduce the gauge invariant interaction of the tensor gauge
bosons with the bosonic matter fields φλ1...λs(x). This set of tensor fields {φ} contains the
scalar field φ as one of its family members. The extended isotopic transformation of the
bosonic matter fields φλ1...λs(x) we shall define by the formulas [30]
δξφ = −iτaξaφ,
δξφλ = −iτa(ξa φλ + ξaλ φ),
δξφλρ = −iτa(ξa φλρ + ξaλ φρ + ξaρ φλ + ξaλρ φ), (42)
........ . .......................,
where τa are the matrices of the representation τ of the gauge group G, according to which
the whole family of φ′s transforms. There is an essential difference in the transformation
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properties of the tensor gauge fields Aµλ1...λs versus φλ1...λs . The transformation law for
the bosonic matter fields (42) is homogeneous, whereas the transformation of the tensor
gauge fields (9), (27) is inhomogeneous. The general form of the above transformation is:
δξφλ1...λs(x) = −i
s∑
i=0
∑
P ′s
ξλ1...λi φλi+1...λs(x), s = 0, 1, 2, ... (43)
and the invariant quadratic form is:
I =
∞∑
s=0
Λs+1Is, Is =
2s∑
i=0
asi φ
+
λ1...λi
φλi+1...λ2s
∑
p′s
ηλi1λi2 .......ηλi2s−1λi2s , (44)
where the sum
∑
p runs over all permutations of indices λ1...λ2s which correspond to
nonequal terms and the numerical coefficient asi = s!/i!(2s − i)! . The Λs (s=1,2,...) are
coupling constants and Λ1 = 1. The invariant Lagrangian for scalar field is
L0 = ∇ijµ φ+j ∇ikµ φk − U(φ),
where ∇ijµ = δij∂µ− igτ ija Aaµ. The covariant derivatives for the low-rank tensors transform
as follows:
δξ∇µφ = −iξ∇µφ, (45)
δξ∇µφλ = −iξ∇µφλ − iξλ∇µφ− i∇µξλ φ,
δξ∇µφλρ = −i(ξ∇µφλρ + ξλ∇µφρ + ξρ∇µφλ + ξλρ∇µφ)
−i(∇µξλφρ +∇µξρφλ +∇µξλρφ).
The invariant Lagrangian will take the form:
Lφ = ∇µφ+ ∇µφ+ b2{∇µφ+λ ∇µφλ +
1
2
∇µφ+λλ ∇µφ+
1
2
∇µφ+ ∇µφλλ +
− ig∇µφ+ Aµλφλ + igφ+λAµλ ∇µφ− ig∇µφ+λ Aµλφ+ igφ+Aµλ ∇µφλ −
+ g2φ+AµλAµλφ− 1
2
ig∇µφ+ Aµλλφ+ 1
2
igφ+Aµλλ ∇µφ} − U(φ), (46)
where b2 is the new coupling constant. The variation of the Lagrangian has the following
terms:
δLφ(II) = i∇µφ+ξλ∇µφλ − i∇µφ+λ ξλ∇µφ+ iφ+∇µξλ∇µφλ − i∇µφ+λ∇µξλφ,
δLφ(III + IV ) = i∇µφ+λ ξλ∇µφ− i∇µφ+ξλ∇µφλ + iφ+λ∇µξλ∇µφ− i∇µφ+∇µξλφλ
+
i
2
φ+∇µξλλ∇µφ− i
2
∇µφ+∇µξλλφ,
δLφ(V + V I) = i∇µφ+∇µξλφλ − iφ+λ∇µξλ∇µφ− g∇µφ+Aµλξλφ− gφ+ξλAµλ∇µφ,
δLφ(V II + V III) = gφ+Aµλξλ∇µφ+ g∇µφ+ξλAµλφ+ i∇µφ+λ∇µξλφ− iφ+∇µξλ∇µφλ
+ gφ+∇µξλAµλφ+ gφ+Aµλ∇µξλφ , (47)
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together with the ninth term
δLφ(IX) = −gφ+∇µξλAµλφ− gφ+Aµλ∇µξλφ,
and finally the variation of the last two terms gives
δLφ(X +XI) = i
2
∇µφ+(∇µξλλ − 2ig[Aµλξλ])φ− i
2
φ+(∇µξλλ − 2ig[Aµλξλ])∇µφ,
therefore the total variation is equal to zero, δLφ = 0.
We have to introduce the invariant self-interaction Lagrangian for the extended scalar
sector. The quadratic form which is invariant with respect to the extended homogeneous
transformations (42) has the form (44)
I = φ†φ+ Λ2(φ
†
λφλ +
1
2
φ†φλλ +
1
2
φ†λλφ). (48)
Its invariance can be confirmed by direct calculation similar to the one we performed
above. Using this quadratic form we can construct the invariant potential as
U(φ) =
1
2
λ2[φ†φ+ Λ2(φ
†
λφλ +
1
2
φ†φλλ +
1
2
φ†λλφ)−
1
2
η2]2 (49)
so that the vacuum expectation value of the scalar field will be as in the standard model:
φvac = η/
√
2.
As one can see, the vacuum expectation value of the non-gauge bosons is equal to zero
and does not break the Poincare´ invariance. The Higgs boson mass therefore remains the
same as in the standard model:
mH = λη.
The new non-gauge vector boson φλ, which is predicted by our model, will also acquire
mass through the interaction term
1
2
λ2 2 Λ2 φ
†φ φ†λφλ → λ2 Λ2 < φ† >< φ > φ†λφλ = Λ2
λ2η2
2
φ†λφλ (50)
and is equal to the mass of the standard Higgs scalar:
mφ =
√
Λ2
2b2
λη =
√
Λ2
2b2
mH . (51)
From the Lagrangian (46) (the first term in the third line) we can also read off the induced
mass of the tensor gauge bosons:
Mab = (
b2
g2
) 2g2 < φ†τa >< τbφ >, (52)
when the scalar field φ gets non-zero vacuum expectation value. Thus the masses of the
tensor gauge bosons are
m2T = (
b2
g2
)m2V . (53)
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We conclude that the proposed extension of the non-Abelian gauge theory, which interacts
with the tensor matter, predicts at the tree level degeneracy of the mass spectrum of the
new tensor gauge bosons.
It is not completely clear to the author, whether the number of gauge parameters
ξ, ξλ, ... is sufficient to exclude simultaneously not only negative norm states of the tensor
gauge bosons, but also negative norm states of the bosonic matter fields of non-gauge
nature φλ, φλρ, .... This question requires detailed analysis and we shall leave this question
for the future studies.
8 Tensor Extension of Electroweak Theory
Let us consider the possible extension of the standard model of electroweak interactions
which follows from the above generalization. In the first model which we shall consider
only the SU(2)L group will be extended to higher spins, but not the U(1)Y group. The
W±, Z gauge bosons will receive their higher-spin descendence
(W±, Z)µ, (W˜
±, Z˜)µλ, ..... (54)
and the doublet of complex Higgs scalars will appear together with their higher-spin
partners:
(
φ+
φo
) , (
φ+
φo
)λ , (
φ+
φo
)λρ , ...... Y = +1.
The Lagrangian which describes the interaction of the tensor gauge bosons with scalar
fields and tensor bosons is:
L = − 1
4
GiµνG
i
µν −
1
4
FµνFµν − (∂µ + ig
′
2
Bµ +
ig
2
τ iAiµ)φ
† (∂µ − ig
′
2
Bµ − ig
2
τ iAiµ)φ+
+ g2{−1
4
Giµν,λG
i
µν,λ −
1
4
GiµνG
i
µν,λλ} − b2{
g2
4
φ†τ iAiµλτ
jAjµλφ
+ ∇µφ†λ ∇µφλ +
1
2
∇µφ†λλ ∇µφ+
1
2
∇µφ† ∇µφλλ
− ig∇µφ† Aµλφλ + igφ†λAµλ ∇µφ− ig∇µφ†λ Aµλφ+ igφ†Aµλ ∇µφλ −
− 1
2
ig∇µφ† Aµλλφ+ 1
2
igφ†Aµλλ ∇µφ } − U(φ), (55)
where
∇µ = ∂µ − ig
′
2
Y Bµ − igT iAiµ,
Y is hypercharge, Q is charge, Q = T3 + Y/2, and for isospinor fields T
i = τ i/2. The
three terms in the first line represent the standard electroweak model and the rest of the
terms - its higher-spin generalization. Therefore all parameters of the standard model are
incorporated in the extension. The third term in the second line will generate the masses
of the tensor W˜±, Z˜ gauge bosons:
1
8
(
b2
g2
)g2η2[(A3µλ)
2 + 2A+µλA
−
µλ], (56)
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when the scalar fields acquire the vacuum expectation value η:
φ =
1√
2
(
0
η + χ(x)
)
and
Z˜µλ = A
3
µλ, W˜
±
µλ =
1√
2
(A1µλ ± iA2µλ),
Thus all intermediate spin-2 bosons will acquire the same mass
m2
W˜ ,Z˜
= (
b2
g2
)m2W . (57)
The rest of the terms describe the interaction between ”old” and new particles. One
should also introduce the Yukawa self-interaction for the bosons φλ in order to make
them massive.
Finally let us consider the fermion sector of the extended electroweak model. One
should note that the interaction of tensor gauge bosons with fermions is not as usual
as one could expect. Indeed, let us now analyze the interaction with new spinor-tensor
leptons
L =
1
2
(1 + γ5)(
νe
e
), Lλ =
1
2
(1 + γ5)(
νe
e
)λ, Lλρ =
1
2
(1 + γ5)(
νe
e
)λρ .. Y = −1.
All these left-handed states have hypercharge Y = −1 and the only right-handed state
R =
1
2
(1− γ5)e, Y = −2
has the hypercharge Y = −2. The corresponding Lagrangian will take the form
LF = L¯ 6∇L+ R¯ 6∇R + (58)
+ f1 {L¯λ 6∇Lλ + 1
2
L¯ 6∇Lλλ + 1
2
L¯λλ 6∇L+
+ gL¯λ 6AλL+ gL¯ 6AλLλ + 1
2
gL¯ 6AλλL} ,
where the first two terms describe the standard electroweak interaction of vector gauge
bosons with standard spin-1/2 leptons, the next three terms describe the interaction of
the vector gauge bosons with new leptons of the spin 3/2 and finally the last three terms
describe the interaction of the new tensor gauge bosons W˜±, Z˜ with standard spin-1/2
and spin-3/2 leptons.
The new interaction vertices generate decay of the standard vector gauge bosons
through the channels
γ, Z → e3/2 + e¯3/2, γ, Z → ν3/2 + ν¯3/2, W → ν3/2 + e3/2, W → ν3/2 + e3/2 ,
where a pair of new leptons is created. The observability of these channels depends on the
masses of the new leptons. This information is encoded into the Yukawa couplings, as it
takes place for the standard leptons of the spin 1/2. We can only say that they are large
enough not to be seen at low energies, but are predicted to be visible at higher-energy
experiments.
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The decay reactions of the new tensor gauge bosons W˜±, Z˜ can take place through
the channels
Z˜ → e3/2 + e¯1/2, Z˜ → ν3/2 + ν¯1/2, W˜ → ν1/2 + e3/2, W˜ → ν3/2 + e1/2. (59)
The main feature of these processes is that they create a pair which consists of a standard
lepton e1/2 and of a new lepton e3/2 of the spin 3/2. Because in all these reactions there
always participates a new lepton, they may take place also at large enough energies, but
it is impossible to predict the threshold energy because we do not know the corresponding
Yukawa couplings. The situation with Yukawa couplings is the same as it is in the standard
model. There is no decay channels of the new tensor bosons only into the standard leptons,
as one can see from the Lagrangian. Therefore it is also impossible to create tensor gauge
bosons directly in e+ + e− annihilation, but they can appear in the decay of the Z
e+ + e− → Z → W˜+ + W˜− (60)
and will afterwards decay through the channels discussed above (59) W˜ → ν + e˜ or
W˜ → ν˜ + e . It seems that reaction (60), predicted by the generalized theory, is the most
appropriate candidate which could be tested in the experiment. The details will be given
in the forthcoming publication.
We did not consider the tensor extension of the U(1)Y in the first place, because in
that case we shall have the massless spin-2 descendent of the photon, the existence of
which most probably will be ruled out by experiment. But, in principle, the models of
this type can be considered and it is worth to study them. The right-handed sector should
be enlarged in the following way:
R =
1
2
(1− γ5)e, Rλ = 1
2
(1− γ5)eλ, Rλρ = 1
2
(1− γ5)eλρ, ..., Y = −2,
and the Lagrangian will take the form
LF = L¯ 6∇L+ R¯ 6∇R (61)
+ f1{L¯λ 6∇Lλ + 1
2
L¯ 6∇Lλλ + 1
2
L¯λλ 6∇L+ gL¯λ 6AλL+ gL¯ 6AλLλ + 1
2
gL¯ 6AλλL
+ R¯λ 6∇Rλ + 1
2
R¯ 6∇Rλλ + 1
2
R¯λλ 6∇R + g′R¯λ 6BλR + g′R¯ 6BλRλ + 1
2
g
′
R¯ 6BλλR},
where the terms in the last line describe the interaction of the Abelian U(1)Y tensor fields
Bµ, Bµλ, ... with the right-handed sector of new leptons.
9 Tensor Extension of QCD
It is also appealing to consider the tensor extension of QCD. The gauge group SU(3)c
can be extended in the way described above and should contain additional tensor gluons
Aµ, Aµλ, .....
together with the higher-spin quarks
q, qλ, .....
The physical consequences and the phenomena of the gauge field condensation predicted
in [22] will be studied in the extended model in the forthcoming publication. One should
stress again that within the given extension it is impossible to predict masses of the tensor
quarks, as it has been impossible to predict them within the standard model.
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10 Symmetrized Extended Gauge Transformation
Let us consider the situation when the higher-rank tensor fields Aλ1...λs are totally sym-
metric tensors. In that case the gauge transformation (9), (10), (27) should be modified
in order to respect the symmetry properties of the tensor fields. Therefore we shall sym-
metrize the extended gauge transformation (9), (27) over all indices as follows:
δ˜Aaµ = (δ
ab∂µ + gf
acbAcµ)ξ
b,
δ˜Aaµν = (δ
ab∂µ + gf
acbAcµ)ξ
b
ν + gf
acbAcµνξ
b,
δ˜Aaµνλ = (δ
ab∂µ + gf
acbAcµ)ξ
b
νλ + gf
acb(Acµνξ
b
λ + A
c
µνλξ
b), (62)
........ . ......................................,
where we explicitly symmetrize the right-hand side of these equations over all space-time
indices:
(δab∂µ + gf
acbAcµ)ξ
b
ν = (δ
ab∂µ + gf
acbAcµ)ξ
b
ν + (δ
ab∂ν + gf
acbAcµ)ξ
b
µ
Acµνξ
b
λ = A
c
µνξ
b
λ + A
c
νλξ
b
µ + A
c
λµξ
b
ν
and so on. One should also require that the gauge parameters ξaλ1...λs are totally symmetric
tensors. For example, in a matrix notation, we have
δ˜ξAµν = ∂µξν − ig[Aµ, ξν ] + ∂νξµ − ig[Aν , ξµ]− ig[Aµν , ξ].
First let us check, whether these transformations still form a closed algebra. The com-
mutator of the above gauge transformations acting on rank-2 tensor is:
[δ˜η, δ˜ξ]Aµν = −ig δη (−ig[Aµ, ξν]− ig[Aν , ξµ]− ig[Aµν , ξ]) +
ig δξ (−ig[Aµ, ην ]− ig[Aν , ηµ]− ig[Aµν , η])
= −ig{ ∂µ([η, ξν] + [ην , ξ])− ig[Aµ, [η, ξν] + [ην , ξ]] +
∂ν([η, ξµ] + [ηµ, ξ])− ig[Aν , [η, ξµ] + [ηµ, ξ]]− ig[Aµν , [η, ξ]]}
and is again a gauge transformation with gauge parameters
ζ = [η, ξ], ζµ = [η, ξν] + [ην , ξ].
We arrive to the same conclusion calculating the commutator of two gauge transformations
acting on a third-rank tensor field:
[δ˜η, δ˜ξ]Aµνλ = −ig δ˜ζAµνλ, (63)
where the gauge parameters form the same algebra as before (18). Therefore we conclude
that the symmetrized gauge transformations still form a closed algebraic structure.
The gauge transformation of the field strength Gaµν,λ will take the form
δ˜Gaµν,λ = gf
abc( Gbµν,λξ
c +Gbµνξ
c
λ ) +∇abµ ∇bcλ ξcν −∇abν ∇bcλ ξcµ. (64)
This transformation is inhomogeneous and is essentially different from the extended gauge
transformation of the field strength considered in the main text (12):
δGaµν,λ = gf
abc( Gbµν,λξ
c +Gbµνξ
c
λ ).
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The additional two terms, which break the homogeneity of the gauge transformation of
the field strength, appear because we have introduced the symmetrization with respect to
all indices in the extended gauge transformation (62). These inhomogeneous terms and
the appearance of non-commutative covariant derivatives in the field strength-curvature
transformation (64) are the main obstacles in the construction of the interacting field
theory with totally symmetric tensors.
In the weak coupling limit g → 0 the transformation (62) reduces to the following
form:
δ˜ξAµ = ∂µξ
δ˜ξAµν = ∂µξν + ∂νξµ,
δ˜ξAµνλ = ∂µξνλ + ∂νξλµ + ∂λξµν , (65)
and coincides with the transformation considered by Fronsdal [46] and other authors
[36, 48, 49, 50, 51, 52, 53]. The above transformation was considered as a zero-order
approximation for some yet unknown transformation, which should appear as its higher-
order deformation. The above transformation law δ˜ξ suggests a particular solution and
partially explains why this approach leads to difficulties.
11 Conclusion
In the present paper we have extended the gauge principle so that it enlarges the original
algebra of the Abelian local gauge transformations found in [30] to the non-Abelian case
and unify into one multiplet particles with arbitrary spins. As we have seen, this leads to a
natural generalization of the Yang-Mills theory which describes interaction of tensor gauge
bosons. The key ingredient of the extension was a previous discovery of the Abelian higher-
spin gauge transformations of the ground state wave function of the tensionless string
theory [30] (expression (64) in [30]). The extended non-Abelian gauge transformations
defined for the tensor gauge fields have led us to the construction of the appropriate field
strength tensors and of the invariant Lagrangian.
As an example of an extended gauge field theory with infinite many gauge fields, this
theory can be associated with the field theory of the tensionless strings, because in our
generalization of the non-Abelian Yang-Mills theory we essentially used the symmetry
group which appears as symmetry of the ground state wave function of the tensionless
strings. Nevertheless I do not know how to derive it directly from tensionless strings.
The proposed extension may lead to a natural inclusion of the standard theory of
fundamental forces into a larger theory in which standard particles (vector gauge bosons,
leptons and quarks) represent a low-spin subgroup of an enlarged family of particles with
higher spins. The conjectured extension of the fundamental forces can in principle be
checked in future experiments.
There are some interesting observations which follow from the proposed theory con-
cerning the structure of elementary particles and their constituents. We do not know,
whether the proposed theory indeed describes the observed micro-cosmos, but if it does,
then it might suggest some new insight to the fundamental questions of the atomic the-
ory, that is, whether there exist the most elementary constituents of the matter in micro-
cosmos - its ultimate building blocks, and if indeed they exist, then how many they are.
As one can see, if one supposes that the ultimate building blocks are the gauge bosons,
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quarks and leptons, then there is a possibility that they are just the first members of the
constituent structure with infinite many tensor particles.
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12 Appendix
In order to prove that the extended gauge transformations form a closed algebraic struc-
ture in general case one should us the following identities:
s∑
i=0
∑
P ′s
[ ηλi+1...λs, ∂µξλ1...λi ] =
s∑
i=0
∑
P ′s
[ ηλ1...λi, ∂µξλi+1...λs ], (66)
s∑
i=0
∑
P ′s
[[ Aµ, ξλ1...λi], ηλi+1...λs ] =
s∑
i=0
∑
P ′s
[[Aµ, ξλi+1...λs], ηλ1...λi ], (67)
i∑
j=1
∑
P ′s
[[ Aµλ1...λj , ξλj+1...λi], ηλi+1...λs ] =
i∑
j=1
∑
P ′s
[[Aµλ1...λj , ξλi+1...λs], ηλj+1...λi ]. (68)
In particular, they allow to demonstrate that
s∑
i=0
∑
P ′s
[ ∂µηλ1...λi, ξλi+1...λs ] + [ ηλi+1...λs, ∂µξλ1...λi ] =
s∑
i=0
∑
P ′s
∂µ[ ηλ1...λi, ξλi+1...λs ].
One should also use the Jacoby identity in the form
[[Aµλ1...λj , ηλj+1...λi], ξλi+1...λs]+[[ξλi+1...λs, Aµλ1...λj ], ηλj+1...λi] = [Aµλ1...λj , [ηλi+1...λs, ξλj+1...λi]].
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